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CHAPTER-I 
I N T R O D U C T I O N 
INTRODUCTION 
A n a l y t i c a l Chemis t ry i s one of t h e f a s t e s t grovdng 
f i e l d s i n the airea of chemica l t echnology . The a c t u a l use 
of a p a r t i c u l a r subs tance depends l a r g e l y on i t s chemical 
a n a l y s i s . S e p a r a t i o n of d i f f e r e n t c o n s t i t u e n t s i n a given 
sample i s of p r imary concern fo r an a n a l y t i c a l chemist. The 
methods g e n e r a l l y used f o r t h e s e p a r a t i o n i n c l u d e d i s t i l l a t i o n , 
e x t r a c t i o n , p r e c i p i t a t i o n , c r y s t a l l i z a t i o n , d i a l y s i s and 
d i f f u s i o n e t c . However, chromatography, ion^exchange and 
e l e c t r o p h a r e s i s a r e the modem and most v e r s a t i l e t e chn iques 
for t h e p u r p o s e . However, chromatography p l a y an iumor t an t 
and s i g n i f i c a n t r o l e i n t h e s e p a r a t i o n of conpounds i n sanroles 
of d i v e r s e n a t u r e . I n chromatography a mixture i s a p p l i e d i n a 
narrow zone t o a s t a t i o n a r y po rous s o r b e n t s and conponents a re 
caused t o undergo d i f f e r e n t i a l m i g r a t i o n by the flow r a t e of 
the mobile phase a l i q u i d o r a g a s . The b r i e f h i s t o r y of 
chromatography i s o u t l i n e d by the c h r o n o l o g i c a l l i s t i n g of some 
of the key c o n t r i b u t o r s i n T a b l e - 1 . O the r i n p o r t a n t s u b d i v i s i o n 
of non-coloumn l i q u i d chromatography a r e p a p e r chromatography 
and t h i n l a y e r chromatography. With t h e development of hl^ 
p r e s s u r e l i q u i d chromatography i t h a s become p o s s i b l e to solve 
almost a l l t h e problems of s e p a r a t i o n s i n a s h o r t t ime. 
Amongst a l l t he chromatographic t echn iques ion-exchange 
chromatography i s c o n s i d e r e d to be most v e r s a t i l e method and 
i s p a r t i c u l a r l y h e l p f u l i n t h e s e p a r a t i o n of i o n s of s i m i l a r 
Table-1 Some of the key c o n t r i b u t o r s i n the fi( Id of 
chro ma to graphy 
Year C o n t r i b u t o r s Con t r i bution.T 
1848 Way & Thompson 
13 50 Runge & Schoenbein 
1900 & Geoppe l s raeder 
1876 Lemberg 
Recognised t h e phenomenon 01 exchange 
i n s o i l . 
S t u d i e s c a p i l l a r y ana y s i s on pape r . 
I l l u s t r a t e d t h e r e v e r n i b i l i t y and 
S t o i c h l o c h e m i s t r y of Ion-exchange i n 
A l - S i l i c a t e m a t e r i a l s . 
1692 
1903-
1906 
19^) -
1932 
1935 
1938 
1933 
1939 
1940-
1945 
1941 
Reed 
Tawotl 
Kawer, Kuhn & 
S t r a i n 
Adams & Holmes 
R e i c h r t e i n 
I s m a i l o v and 
S c h r a i b e r 
Brown 
T i s e l l u s 
Mar t in & S'Annie 
F i r s t Recorded Coloumn s e p a r a t i o n 
t u b e s of K a o l i n used .ror s e o a r a t i o n 
of FeCl^ from CuSO^. 
I n v e n t e d chroma Lograp'y v/i Lh ur,o of 
p u r e s o l v e n t t o devel ' p the chroma-
togram, used mi ld ad-sorberits to r e so lvo 
c h i o r o p l a s t p i g m e n t s . 
Used a c t i v e l i m e , aliii;ena & Magnesia 
a d s o r b e n t s . 
S y n t h e s i z e d s y n t h e t i c o r g a n i c I o n -
exchange r e s i n s . 
I n t r o d u c e d t h e l i q u i d o r f lovdng 
chromatograms. Thus • x tending a p p l i -
c a t i o n of chromatography to c o l o u r l e s s 
s u b s t a n c e s . 
Di scussed t h e use of Lhin l a y e r of 
unbound a lumina sprea on a g l a s s 
p l a t e . 
F i r s t use of c i r c u l a r p a p e r chromato-
graphy. 
I-)3vir,ed f r o n t a l ana ly : i s and nethod 
01 diGplaceiiienb develc oments. 
Introdviced Column p a r i i t i o n chromato-
gi'aphy. 
Table-1 continued 
Year Contr ibutors Contributions 
1944 Consden, Gorden 
and Martin 
1947- Boyd. Tonplins 
1950 Spedding,Rieinan 
and o the rs 
1948 Lederer and 
Linstead 
1951 Kirchner 
1952 James & Martin 
1956 Sober & Peterson 
1959 Porath & Flo din 
1964 Moore 
F i r s t descr ibed paper p a r t i t i o n 
chromatography. 
Applied to va r ious ana ly t ica l 
problems. 
Applied paper chromatograpy to 
inorganic compounds. 
Introduced t h i n - l a y e r chromatography 
as i t i s p r a c t i c e d today. 
Developed gas chromatography. 
Prepared Ion-exchange ce l lu l a ses . 
Introduced c ross - l inked dextran for 
molecular s i ev ing . 
Giel permeation Chromatography as a 
p r a c t i c a l methods. 
p r o p e r t i e s . The separat ion i s achieved on the basis of the 
difference between the s o r b a b i l i t i e s i o n i c species . I t has 
proved to an exce l lan t too l for rap id and accurate determina-
t i on of cons t i t uen t s o r contaminants of a l l oys of complicated 
con^josition, Pharmaceutical b io log i ca l substances and f i s s ion 
products of radio act ive element has become poss ib le vdth ion 
exchangers. 
lon^exchange i s b a s i c a l l y a process of natiore occuring 
throughout the ages from even before the dawn of human c i v i l i -
za t ion A r i s t o t l e s ta ted t h a t the sea water l o se s p a r t of the 
s a l t content when f i l t e r e d through c e r t a i n type of s o i l . The 
ion^exchange p rope r t i e s of wood c e l l u l o s e i n the f i r s t case 
vtoen the b i t t e r water converted to dr inking water and t h a t of 
s e l i c a t e s the second case, might have played the role for the 
inprovement of the t a s t e of water. The t heo re t i ca l develop-
ments and f i ne r aspects were however exp lo i t ed centuries l a t e r . 
lonr-exchange was o r i g i n a l l y discovered to take place 
i n s o i l s by Thompson and by Way^ and Roy i n 1850. I t was found 
v^en s o i l s were t r ea t ed vdth ammonium s a l t so lu t ions , ammonia 
was taken \J^ by the so i l and an equivalent amount of calcium 
was re leased . I t was also shown t h a t a number of other s a l t 
besides those of ammonia are capable of doing ion-exchange 
phenomenon. 
Ca-Soil + NK S^O^ HZZZZTZ NH^-Soil + CaSO^ 
Harm^ i n 1896 successful ly appl ied the ion-exchange 
for commercial purposes . He removed sodium and potassium 
ions from sugar beat j u i ce by using a n a t u r a l l y occuring 
cat ion exchange s i l i c a t e minerals . The ion exchanger made 
poss ible the i s o l a t i o n of Promethium-^ and the ana ly t i ca l and 
technica l separa t ion of r a r e ea r th . In general \«re can say 
t h a t ^(^ichever p a i r of elements one can choose from the per iodic 
tab le (except the i n e r t gases) they can be separated using ion-
exchanger. Class ica l methods of ana lys i s such as p r e c i p i t a t i o n 
f i l t r a t i o n e t c . involve long and complicated separat ions 
opera t ions . But using ionr-exchangers, separat ion can be car r ied 
out with a smaller amount vdthin a shor t e r time and the conpo-
nents can be subsequently determined using rapid instrumental 
or t i t i m e t r i c methods. 
Ion-exchanger are inso lub le so l i d mate r ia l s which carry 
exchangeable ca t ions and Anions. These ions can be exchanged 
for a s to i ch iomet r i ca l ly equivalent amount of o ther ions of 
the same sign when the ion-exchanger i s i n contact with an 
e l e c t r o l y t e so lu t ion c a r r i e r s of exchangeable ca t ions are ca l led 
cat ion exchangers & c a r r i e r s of exchangeable anion are termed 
as anion exchanger. Certain mate r i a l s are capable of both 
cat ion and Anion exchsinger and termed as Acrohoteric ion 
exchangers • 
A Cation Exchange i s -
2NaX + CaCl^Caq. ) : ^ 2 = ^aX^ + 2NaCl aq. 
An Anion Exchange i s -
2XC1 + Na2S0^(aq.) z=I=Z ^2^h "*" ^ ^ ^ ^ ^ -^• 
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Common Exchange f u n c t i o n a l groxp . 
CATION EXCHANGERS ANION EXCHANGER 
-SO^H -NH^ 
-COOH -NHR 
-OH -NR^ 
-PO3H2 -NR3 
Many d i f f e r e n t na t tora l and s y n t h e t i c p r o d u c t s show 
ion-exchange p r o p e r t i e s . I n 1934 two new t y p e s of m a t e r i a l 
vrere i n v e n t e d . The f i r s t was a s u l p h o n a t e d Coal developed 
i n Germany and t h e second was a pheno l formeldehyde inven ted 
by Adams and Holmes a t t h e N a t i o n a l P h y s i c a l l a b o r a t o r i e s i n 
England. The v i r t u a l l y s imu l t aneous development of r e l a t i v e l y 
s t a b l e s y n t h e t i c Cat ion and Anion Exchange made the d i m i n a r i -
l i s a t i o n p r o c e s s of wa te r p o s s i b l e . T h i s h a s s ince become t h e 
most used and i m p o r t a n t a p p l i c a t i o n of i on -exchange . Tne 
m a t e r i a l produced by Adam & Holmes though r e l a t i v e l y uns t ab l e 
by today* s s t a n d a r d y e t found c o n s i d e r a b l e i n d u s t r i a l a p p l i c a -
t i o n s . P r o g r e s s was so r a p i d t h a t t h e f i r s t i n d u s t r i a l s ca l e 
d e m i n r a l i t a t i o n p l a n t i n t h e WDrld was b i o i l t i n Great B r i t a i n 
i n 1937. 
L a t e r on Gans developed l a r g e s c a l e a p p l i c a t i o n s of 
Cat ion exchange phenomenon on i n o r g a n i c m a t e r i a l such as sodium 
aliomino s i l i c a t e , (Na20.Al20,.nSiO ) n = 1-17 \'^ich was 
synthesized by him. Gallium and Gennanium analoges have 
9 been prepared e . g . gallogermanate and alumenogerraanate 
10 11 12 15 
s i l i c a t e s of zirconium , Titanium , Bismuth , I ron ^, 
Zinc have a l so been prepared. To a l a rge scale Gan' s 
syn the t ic ca t i on exchanger replaced the n a t u r a l l y occuring 
exchangers such as z e o l i t e . 
The z e o l i t e may be regarded as being derived from 
the formulaeC SiOp) by replacing s i l i c o n by aluminixam to 
varying e x t e n t s . The few se lec ted z e o l i t e s with t h e i r 
composition and exchange capaci ty are l i s t e d i n the Table-2. 
Z e o l i t e s are" c r y s t a l l i a n a luminos i l i ca tes and known 
as Molecular s ieves & have the a b i l i t y to s e l ec t i ve ly remove 
ions from so lu t i ons . A r ecen t app l i ca t ion of z e o l i t e 
s e l e c t i v e l y involves the use of syn the t ic ultramine to 
separate the francium i so topes Fr ^ from i t s actinium pa ren t s 
15 
and o t h e r a c t i v i t i e s . 
The f i r s t attempt to synthesize synthe t ic ion-exchangers 
resembling with na tu ra l z e o l i t e were made more than 50 year 
ago. The f i r s t ca t ion exchangers \'^iich became commercially 
ava i lab le were prepared by fusion of mixtures of soda, po tash . 
Felspar and Kaolin. During l a s t 20-30 years the inorganic ion 
exchangers have f i rmal ly occi:pied t h e i r own pos i t i on . Among 
the ion-exchange ma te r i a l s , the term " Inorganic Ion exchanger" 
i s used i n the t i t l e of monogi:^ aph by Amphlett which describe 
8 
Table-2 Selected Zeol i tes vdth t h e i r corrposition and exchange 
capac i t i e s . 
Zeo l i t e Conposition Exchan^ capacity 
roeq/g 
(a) F i b r o l l s Zeo l i t e s 
LEd ing ton i t e Ba(Al2Si^^Q). 4H2O 3.90 
2. Nat ro l i te - Na2(Al2Si50^Q). aHjO 5.30 
(b) Lamellar Zeo l i t e s 
3. S t i l b i t e NaCo l/aCAlSi^Og). 3H2O 3.20 
4. Heulandite Ca(Al2Sig0^g). 5H2O 3.30 
(c) Three dimentional z e o l i t e 
5. Analci te Na(AlSi20g).H20 4.50 
6. Chabazite (Ca l /2 Na)(AlSi20g). 3H2O 4.00 
(d) Felspathoids 
7. Leuci te K(A13i20g) 4.60 
8. Sodal i te Na(AlSiO^) 2/3 NaCl 9.20 
9. Cancrini te (Na, Ca , l / 2 ) (A lS i0 . ) . 2/3 10.90 
(Na2, Ca) CX)^ . ^ 
the rapid development of these material and t h e i r applica-
t ions , " Inorganic Ion-exchangers are receiving increasing 
a t ten t ion due to the fact that they are r e s i s t an t to heat 
and radiat ion. They can be used for the high temperatiire 
separation of ionic conponents in radio active waste as 
solid electrolytes and as ca ta lys i s . 
Kraus e t al^^'^*^^^ and Amphlett^''^'^^^ in th i s f ield 
have done the excellant -work. The work tpto 1970 has been 
condensed by Peparek and Vese ly '^ ' ' \ Clearfield(22,23,24), 
Alberty(2 5,26) and Walton(27*28) have also worked on different 
aspects of synthetic inorganic ion-exchangers. Qureshi and 
coworkers have prepared a large no. of such materials and 
studied the i r ion-exchange behaviour during the l a s t 20 
years(29,30,31,32,33,3^,35). 
Inorganic Ion-exchange material i s p rac t i ca l ly c lass i -
fied on the basis of the chemical charac ter i s t ics of the ion-
exchanging species appears s t i l l useful as proposed by Veseiy 
e t a l (36) . 
1). Hydrous oxides, 
2 ) . Acidic sa l t of multivalent metals. 
3). Salts of hetropoly acids 
4) . Insoluble Ferrocyanides 
5). Synthetic aluminosilicate. 
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Hydrous oxide of d i f f e r en t metals such as Bivalent, 
t r i v a l e n t y t e t r a v a l e n t , pen tava len t and Hexavalent are found 
which have been used as a successfuLl adsorbents to adsorb 
radio nuclides in t r ace concent ra t ion i n TLC for ion separa-
t i o n i n great v a r i e t y of a p p l i c a t i o n . The hydrous mangnese 
dioxide with r a the r unusual s e l e c t i v i t y sequence for a l k a l i -
metals has been described by Tsuoi (57) . Study of prepara t ion 
of hydrous tin(3V) oxide ion-exchangers has been made. Invove 
and coworkers(58) have s tudied the i s o t o p i c exchange rate of 
sodium ions between the hydrous tinOV) oxide i n the Na form 
and aqueous so lu t ion of sodixom s a l t . 
A wide.xange_of compounds of a c id i c s a l t s of multivalent 
metals has been described as ion-exchangers . The renaissence 
of the p r a c t i c a l app l i ca t ion of these substances i s closely 
connected with the development of nuc lear science and also with 
the modem, more exact approach to the understanding and e l u c i -
dat ion of sorpt ion processes as f i r s t presented by c lea r f i e ld 
e t a l 1982(22). Among metals s tud ied have been Zirconium, 
Thorium. Tetaniiim, CeriumClV), t i n ^ ) e t c . and anions enployed 
include phosphate, a r sena te , antimonate, Vandate s i l i c a t e e t c . 
These s a l t s ac t ing as cat ion exchangers are gel l i k e or micro-
c r y s t a l l i n e mate r i a l s and possess mostly a high chemical, 
temperature and r ad i a t i on s t a b i l i t y ( 39, 40, 41) . The cation 
exchange p rope r t i e s a r i s e from the presence of r ead i ly exchange-
able hydrogen ions , assoc ia ted with the anionic groups present 
i n the s a l t s . 
11 
Tet rava len t metals were s tudied most extens ive ly as 
a synthe t ic inorganic exchangers, zirconium phosphate shows 
amoiphous(39,40,A2), Semicrystal l ine(43,44) and c r y s t a l l i n e 
p r o p e r t i e s ( 4 5 ) . C lear f ie ld and others(43,45,46,47,^8,49) 
have t r i e d to solve the s t ruc ture of a-Zirconiura phosphate 
Stereiko(50) has given the formula of H form and s a l t form 
of Zirconixjm phosphate as 
Zr(OH) jj. CHP0^)2-zX. YB2O (X=0-2) 
Zr(0H)x.[a^4)ni(HP0^)j2-2r .YH20 
r e spec t ive ly . 
A few a n a l y t i c a l l y inaportant app l i c a t i on of zirconium 
phosphate exchanger have been c i t e d below: 
1. P u r i f i c a t i o n of r eac to r Coolants(51) 
2. Deconfamination of D2O (52) 
3. Deconfamination of rad ioac t ive waste water (55) 
137 
4. CS form and reprocessing so lu t ion (54) 
5. FU , from i r r a d i c i t e d Uranium (55) 
The p a r e n t ac ids of these s a l t are the 12-detero-
polyacids with the general formula H j^^ XY 2^0^ ,0'nHpO vAiere m=3,4,5. 
X can be phosphorous, a rsenic , S i l i con , germanium and boron and 
Y one of the number of d i f fe ren t elements such as Molybdenom, 
Tungston and Vanadium. Much of subsequent i n v e s t i g a t i o n of the 
ion-exchange p r o p e r t i e s of these s a l t s have been car r ied out 
by Smith & Robb (56 ) . Three component ion-exchangers show 
12 
s i?)er ior i ty over siinple s a l t s mainly i n three aspec ts . They 
are more thermally and chemically s t ab l e more se lec t ive(57) . 
Qureshi and Qxireshi(58) have presented a review on the 
app l ica t ions of Ion-exchange methods i n radiochemical 
separat ions which i s needed i n a c t i v a t i o n ana lys i s , waste 
processing fuel processing or r e a c t o r coolant water p u r i f i c a t i o n s . 
When metal s a l t so lu t ions are mixed with H^fFeCClOg]* 
Na,[Fe(CN)g] solutions(59) p r e c i p i t a t e s with var ious concosit ion 
are formed, depending on the a c i d i t y , order of mixing and the 
i n i t i a l r a t i o of the r eac t ing coinponents. Pure conroounds or 
mixtxires -with l i m i t i n g conjjositions M j^^ rFeCCN)^ ] (M'*"=Ag) 
M2^'^[Fe(CN)g] [M^^r^Zn, Cd, Cu, Co,Ni,Mn) M2 M^*[Fe(CN)g]( M*M *^ 
=HCu, KCo, KNi HMn) M* M^*[Fe(a05] 2CM"*M '^**=NoFe, RbFe CSFe) and 
MJ M|'^[Fe(CN)g], (M'^ M "^^ =RbNi, KNi) 'with var ious amounts of water 
of c r y s t a l l i z a t i o n have been repor ted . 
Insoluble ferrocyanides have found var ious ^ p l i c a t i o n 
in ana ly t i ca l chemistry and i n technologica l p rac t i ce because 
of t h e i r highly se l ec t ive ion-exchange p r o p e r t i e s sa t i s fac tory 
chemical and mechanical p r o p e r t i e s . 
Alumosil icates can be divided i n to th ree main groi2).(59)-
1. Amorphous substances 
2. Two dimensional l ayered alumino s i l i c a t e 
3. Three dimensional s t r u c t u r e Zeo l i t e s 
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The greatest a t tent ion vdll be paid to synthetic 
zeol i tes as the i r raolecxilar and ion-sieve properties are 
useful for analyt ical applications. Inorganic Ion-exchanger 
have many application in analytical chemistry: 
1. Water Pollution Control, Removal of a i r pollutants 
2. Removal of interfer ing ions 
3. Recovery of precious metals 
4. Preparation of Dionized water. 
5. Water softening 
6. Determination of to ta l sa l t content of a solution 
7. Separation of metal ions 
8. Separation of organic & biologically ingjortant 
substances 
9. Concentration of trace constituents 
10. Specific spot t e s t 
11. Location of enc. point in t i t r a t i o n s 
12. Gas chromatography, electrophoresis and solid stack 
separation. 
13. Preparation of ion selectis'e electrode 
14. Preparation of ion exchange fuel cel l 
Limitation of zeol i tes and clay i s the i r s t ab i l i ty in 
acids led to the discovery of some ion exchange materials. 
In 1931 Kullgren{6G)observed tha t sulfide cellulase work as an 
ion:-exchanger for the determination of Cu. In 1955 Adam & 
Holmes ''found ion-exchange propert ies in crushed phonograph. 
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This i n t e r e s t i ng discovery led the inventors to the sjmthesis 
of organic ion exchange resins which have much be t te r proper-
t i e s . This led the investigators to develop synthetic ion 
exchange res ins . These resins were developed and improved by 
the former Farben indxistry in Germany and af ter world war I I 
chiefly by companies in the xmited state and England. Nearly 
a l l current indus t r ia l and laboratory applications of ion 
exchange are based on these res ins . At the same time the 
synthesis of organic resins made i t possible to vary the 
proper t ies of ion-exchanger in a systematic manner. A large 
par t of our present knowledge i s due to the l a t t e r fact. 
Sjmthetic organic ion exchangers can be prepared e i ther 
by condensation of phenol (Re so re inol , hydro quinone. Para and 
metaphenol sxiLphonic acid e tc . ) with forraeldehyde or other 
aldehyde i s the presence of acid or base as cata lyst or by 
polymerization of styrene and divinyl benzene. 
I t i s important to note tha t the product should be made 
under iden t ica l condition and degree of condensation should be 
ident ica l . The degree of crosslenking of the product can be 
controlled to some extant by choosing proper base materials. 
A commen disadvantage of condensation type of ion exchange 
resin i s tha t they also contain phenotic hydroxyl groip besides 
the strongly acidic weakly acidic or weakly basic groips* 
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The polymerizat ion type products are svper ior to 
condensation type ion exchange r e s in . The polymerizat ion 
type products are more uniform and t h e i r product ion i s 
much more c o n t r o l l a b l e . The f i r s t polymerizat ion type of 
( 62) 
ion-exchanger was produced by D'.Alelio^ i s 19^5 and the 
f i r s t ion exchange membrane were product by Juda and MC Rae (65) 
The polymeric ion exchangers which are commercially avai lable 
are based mainly on crossl inked polys tyrene , In essence 
one p a r t i s a l a rge permeable i n so lub l e , nondiffuseable ion 
containing mainly of the basic r e s i n s t r u c t u r e . I t s coxmter 
p a r t i s an ion of equal but opposite charge, smaller s ize & 
almost unl imited a b i l i t y to migrate with the r e s i n s t ruc ture 
under exchange r eac t i ons . A typ ica l r e s i n i s prepared by the 
copolymerization of styrene and d iv inyl benzene. 
CH=CH, 
Styrene 
CH=CH. 
\ 
CH=CH2 
Ed. v iny l benzene 
.CH-CH2- iK-CH^- 5J^-CH2 
CH-CH, 
Copolymer iza t ion of Styrene and d i v i n y l benzene 
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The q u a n t i t y of DVB enployed i s v a r i e d over a wide range 
to c o n t r o l t h e deg ree of c r o s s l i n k i n g i n t h e po lymer . The 
i o n i c grovp a t t a c h e d to the s k e l e t o n o f t h e r e s i n de termines 
t h e n a t u r e of t h e exchange c h a r a c t e r i s t i c s . 
Ca t ion exchanger a r e produced when a c i d i c f u n c t i o n a l 
g r o i p s a r e i n t r o d u c e d i n t o the r e s i n s t r u c t u r e . Anion 
exchanger a r e p roduced when b a s i c f u n c t i o n a l grovp a re 
i n t r o d u c e d . 
The number o f c r o s s l i n k a g e i s governed by d i v i n y l 
benzene t o s t y r e n e r a t i o . A r e p r e s e n t a t i v e tjrpe of s t rong 
c a t i o n exchange re sen i s Dowex 50Wx8 manufac tured by Dow 
chemical Company. 
S ty rene d i v i n y l benzene c a t i o n exchange r e s i n are 
c l a s s i f i e d a s f o l l o w s (65) , 
S t rong A c i d i c Weak Ac id i c 
- R S O ^ -RCOOH 
Dowex 50 Vfofatite C 
Amber l i t e - IR-120 Amber l i t e 45-C 
S i m i l a r l y Anion exchange Resin can be c l a s s i f i e d a s fo l lows . 
S t rong base type Weak base type 
- q u a t e m a l yamine 
Dowex 1x8 Dowex-3 
Dowex 21 K Amber l i te IR-43 
Amber l i t e I R A - ^ 0 
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These r e s i n s v/ere s t ab le towards ac ids and easy to 
handle . The s t ruc tu re can be v a r i e d as des i red therefore 
the d i f f i c u l t i e s observed with z e o l i t e s and c lays were 
removed by in t roduc t ion of r e s i n s . Since then the organic 
ion exchange have been used both i n l a b o r a t o r i e s and 
i n d u s t r i e s for separat ion, r ecover ie s of meta ls , Deionization 
of water , concentrat ion of e l e c t r o l y t e s and e luc ida t ing the 
mechanism of a grea t many r eac t i ons (65) . 
Another groi;?) of Resin, h igh ly cross l inked polystyrene 
conta in ing the ac t ive grovp - CH2N( CH2COOH) 2 and show sifflerior 
s e l e c t i v i t y i n t h e i r sorpt ion of var ious me ta l l i c cations 
known as che la t ing res in . 
Anion-Exchange resin(67) of s t rong ly bas ic type are 
much more useful then weakly b a s i c r e s i n s , i t can be used for 
anion exchange and chromatographic work in ac id neut ra l or 
a l k a l i n e medium extremely important i s the xptake and chromato-
graphic separat ion of conplex metal i ons , uranium sulfate 
complex. 
Resins of s trongly bas ic type are much more r e s i s t a n t 
to oxida t ion e .g . dilarane as compared with weakly basic res ins 
of phenol ic type (68). In long term t e s t s on r e s i n s used for 
water deionizat ion i t has been found t h a t the r e s in v/ill l a s t 
much longer i f the v/ater i s dea i r a t ed before the ion exchange(69), 
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According to Lindsey and D'Ainico(70) , the resins are 
insoluble in a l l common solvents encluding al iphat ic and 
aromatic hydrocarbons. Strongly basic resins are yellow in 
colour. 
Organic ion exchangers also suffers from certain 
l imitat ions. They are unstable in aqueous system at high 
temperature and in the presence of ionizing radiations. 
This led to a revived i n t e r e s t in inorganic ion exchangers. 
The propert ies of ion exchanger, f a c i l i t a t e s the 
selection of the correct ion exchanger for a par t icu lar 
problem. The more important propert ies are» 
1. Colour 
2. Density 
3. Mechanical strength 
4. Particle size 
5. Capacity 
6. Select ivi ty 
7. Amount of crosslinking 
8. Swelling porasi ty surface area, and 
9. Chemical resistance 
Ion exchange capacity i s one of the most fundamental 
characterization of any ion exchange material. For a strong 
ion exchanger, the capacity can readily be determined by 
direct t i t r a t i o n . Various types of capacities can be eyx)ressEd 
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in different manners. Majority of the synthetic inorganic 
ion exchanger behaves as a vreak ion exchanger and therefore 
the direct f i l t r a t i o n i s not re l iab le . In t h i s case ion 
exchange capacity i s determined by replacement of H ion 
from the exchanger phase by the counter ions of a neutral 
solution and equilibrium ion exchange capacity i s determined 
by pH t i t r a t i o n s . 
The ion exchange material must be studied for chemical 
s t ab i l i t y in acidic and basic media to check i t s l imitat ions. 
Separation of inorganic mixtures to a more or l e s s extent are 
based on one of the three different principle*. 
1). At low concentration the extent of exchangers i s 
d i rec t ly proportional to the valancy of the 
exchanging ion. 
2). At constant valance the extent of exchange i s 
d i rec t ly proportional to the atomic nxjmber a t low 
concentration, 
3). The extent of exchange highly depends i:?Don the 
formation of complexes. 
Distribution coefficient(Kd) may be determined to 
calculate the separation factor v;hich may be regarded as a 
measure of possible separation. 
Kd = AiTOunt of ion(A) present in exchanger ohasf^  ? 
Amount of Ion 
( p ase g(A) present in solution phase ml^ 
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The general use of d is t r ibut ion coefficient i s made 
in elution techniques used in separation. The rate at v,*iich 
ions move in ion exchange chroinatography i s proportional to 
the i r d is t r ibut ion coefficient. I t i s also possible to 
separate a trace quantity of a metal from a macro amount of 
another metal ion. 
With the development of a modem analytical instruments, 
i t becomes easy to imderstand the chemistry of ion exchange 
material. Infrared spectrum predic ts the presence of water 
molecules, GH grot5)s and metal oxygen bonds. X-ray analysis 
confirms whether the material i s amorphous or crysta l l ine . 
The thermogravimetric and di f ferent ia l thermal analysis are 
in5)ortant techniques that records changes on the chemical 
conposition of the material a t different temperatures. These 
techniques provide a great help in establ ishing the structure 
and thermal s t a b i l i t y of the ion exchangers. 
The iptake of metal ions in preference to others by 
an ion exchanger i s called se l ec t iv i ty . The select ivi ty 
depends imon the charge on the metal ions the ionic radii of 
metal ions, the formation of insoluble substances with the 
exchanger and on complex formation. The se lec t iv i ty reveals 
the poss ib i l i ty for the separation of different metal ions 
from one another. 
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Besides o t h e r f ac to r so lvents play an important ro le 
on the adsorpt ion behaviour of metal ions on ion-exchangers. 
The ion exchange behaviour of almost a l l metal ions on 
aqueous mineral ac ids of d i f f e r e n t concentration have been 
studied ex tens ive ly . Solvents o the r than mineral ac ids , 
have also been used as e l u e n t s . They are se lected on the 
bas i s of t h e i r na ture in t roduc t ion v i t h the metal ions under 
considerat ion e . g . formic ac id , c i t r i c acid, oxal ic acid, 
t a r t a r i c a c i d s , p e r c h l o r i c ac id , hydrochloric acid are the 
common e luen t s used for column chromatography. Slut ion of 
metal ions inc reased because of con^jlex forming nature of 
these compounds vdth metal i o n s . Oxalic acid being a good 
complexing agent has been s tudied i n the separat ion of As, 
Mn, Co, Zn and Cu from one another(71 ). According to inves -
t i g a t i o n of Somuelson(7^ and coworkers. These cotrplex 
forming organic ac ids are some time adsorbed on a s t rongly 
basic anion exchanger and such an exchanger can be t r ea t ed 
as cat ion-exchanger and they can be successfially used for 
se lec t ive s epa ra t i ons . Present work i s r e l a t e d with metal 
ion i n t e r a c t i o n on formic ac id . Despite the outstanding 
t h e o r e t i c l e achievements, we have not reached the stage, 
where the p r o p e r t i e s of ion exchangers can be pred ic ted from 
chemical cons idera t ion only. Therefore more inorganic ion 
exchangers have to be synthesized and to be studied for t h e i r 
ion exchange p r o p e r t i e s . Ef for t s have been made to develop. 
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1. Ma te r i a l s which are thermally and chemically s t a b l e . 
2. For ion exchange mate r i a l s spec i f ic for c e r t a i n 
metal i o n s . 
3. For s e l e c t i v i t y coef f i c i en t i n so lu t ion o ther than 
aqueous one. 
4. For u t i l i z a t i o n separa t ion of metal ions i n sanple 
of a l l o y s , minerals and ones . 
5. FOP behaviour of organic substances towards these 
m a t e r i a l s and 
6. To develop c r y s t a l l i n e ion exchange ma te r i a l s . 
The de t ec t i on and determination of n^ ta l i ons i s one 
of the most f a s c i n a t i n g chapters i n the a n a l y t i c a l chemistry. 
Detection can be achieved by using follovn.ng> 
1. Ins t rumenta l Method (73-79) 
2. Non Inst rumental method 
a. Chromatographic method (80) 
b . Ion Exchange Method (81,82) 
c. Spot t e s t i n g (83) 
Ins t rumental method such as I . R . , U.V., N.M.R. can be 
used to de t ec t substances \rfiich are otherv^ise d i f f i c u l t to 
i den t i fy . The inportance of photo acoust ic spectroscopy (84) 
to the so lu t ion of ana ly t i ca l chemistry i s nov/ being rea l i zed . 
The main drawback of the instrumental techniques are 
the h i ^ cos t of the instrument and the exper t i se needed to 
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handle them. Moreover the instrument can not be used where 
f u l l de tec t ion i s requi red . 
The non-instrumental methods have been def in i te 
advantages of being f a s t simple and inexpensive . The chroma-
tography methods are being used more and more to solve the 
problem of de tec t ion . The proper ty of i n t e r e s t i n such cases 
i s the Rf value of a substance under spec i f i ed condition. 
Even though the R^ provide a s inp le method f o r the detection 
of a substances. Yet,chromatograph i s usua l ly employed to 
separate and then to iden t i fy the con^jonents of mixtures. 
The simplest approach to de tec t ion of organic iioncu-
t i o n a l groi^ i s provided by ion exchange methods. These 
methods are f a s t simple, s e l ec t i ve and inexpensive. A sinrole 
exanple vd l l i l l u s t r a t e the e f f i c i ency of ion exchange methods. 
The most v e r s a t i l e non ins t rumenta l method are probably 
the spot t e s t f i r s t described by Feigl.(85,86) Fujimoto e t al(87) 
proposed the use of r e s in spot t e s t technique to make these 
t e s t s more e legant , which depend on the in tense coloioration 
of the few gra ins of l i g h t coloured ion^exchange res in produced 
by the 15)take from the reac t ion medium of ions having charac-
t e r i s t i c colours . The t e s t s have the following advantages: 
1. They are most s ens i t i ve because the coloured ionic 
species i s concentrated on the ire s in surface. 
2. The colora t ion i s offen more s t ab l e i n the resin 
phase and sometimes becomes p rogress ive ly more 
in tense on standing;. 
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3. These t e s t s are more select ive. Thus ions 
having a charge opposite to that of ionic species 
adsorbed by the resin usually do not in te r fe re . 
4. These t e s t s need very l i t t l e equipments and 
recoveries very l i t t l e t raining on the pa r t of 
the invest igator . 
Resin spot techniques has been widely used for the 
detection of inorganic ions by using colour reaction(88,89,90) 
However r^sin beads can also be used to develop new colour 
reaction as v/as described by Qureshi(9l) for diphenylamine, 
p i c r i c acid(92,93,94) and for ethylenediaminetetra acet ic 
acid i n human urine (95,96). Fuoimoto(97) described a very 
sensit ive t e s t for the detection of flouride using ion 
exchange beads. Botton(98) has described a method for the 
detection of N,S,P and halogens. 
Another important phenomenon i s to combine the hydro-
l y s i s and ca ta ly t i c reaction of the resin beads with the 
resin spot technique. A very in teres t ing example of th i s 
approach i s the detection of ester(-99 ) and i s the detection 
of amide, emide, anilides(lCD ) and n i t r i l e s (101). 
Qureshi e t al.(102) extended the use of the ion 
exchange resins as a catalyse and as an ion exchanger simul-
taneously for the determination of amides and e s t e r s . 
The use of solid ion exchangers has a number of 
advantages when compared with dissolved e lec t ro ly tes . 
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1). The c a t a l y s t s can be read i ly reincved from reac t ion 
products by f i l t r a t i o n or by decantator . 
2) The piari ty of product i s b e t t e r since side 
r eac t ions are minimized. 
3). The ion exchanger i s more se lec t ive i . e . i t 
d i s t i ngu i shes more sharply between the various 
r e a c t a n t molecules and i t may be considered to be 
ha l f way i n the s e l e c t i v i t y between dissolved 
e l e c t r o l y t e s and enzymes. 
4) . No new ions are in t roduced in the reac t ion except 
the ions v*iich are produced as a r e s u l t of hydrolys is . 
Althoiigh the re are many methods of determination of 
t race metal i o n s . Such procedure often r e s u l t i n tedious 
ex t rac t ion and separa t ions ( 1 0 ^ . 
A wave of concean for the environment swept across the 
developed coimtr ies i n the s i x t i e s and reached i t s climax i n 
1970, As environmental p o l l u t i o n increas ing day by day due to 
the i n d u s t r i a l a c t i v i t i e s . The p o l l u t i o n s vrfiich are p resen t 
i n natxire such as l ead , Mercury, Carbon mono oxide and sulphur 
dioxide e t c . and contaminants which does not occur i n nature 
but induced by human a c t i v i t y i n to the environment and 
af fec t ing i t s composition. Many of these chemicals are tox ic 
to human beings and may produce chrx>nic e f f ec t s on the lung, 
hea r t , kidney and brain. According to " In t e rna t iona l Register 
of P o t e n t i a l l y Toxic chemicals" of the United Nation Environ-
ment programme, there are 4 mi l l i on knov/n ches ica l s in the world 
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today and another 30,000 new conapounds are added to the l i s t 
every year. Cancer resxalts from some type of occi^jational 
exposure. These substances a f fec t WA, prevent ing i t from 
giving the necessary d i rec t ions for the synthesis of substances 
^ i c h control a l l growth. 
Various tox ic chemicals used in industry af fect the 
l i v i n g organism. These toxic substances e i t h e r en te r in human 
body d i r ec t l y or i n d i r e c t l y . Table l i s t e d below showing toxic 
elements which causes chronicle e f fec t s to human being(104). 
Table-3 
Toxic Traces Elements in nattiral water and waste water 
Elements Sources Effects and Significance 
Arsenic 
Cadmium 
Chromium 
Copper 
Floiorene 
Mining by product 
p e s t i c i d e s , 
chemical waste 
Toxic, Carcinogenic 
Indus t r i a l discharge Causes high blood pressure 
mining waste, metal kidney damage des t ruct ion of 
p l a t i n g , water p ipes t e s t i c u l a r t i s s u e & red blood 
c e l l s 
Metal cleaning 
p l a t i n g , tanning 
found as Cr(VI) i n 
water. 
Ulceration and per fora t ion of 
nasal systems and carcinogen 
Metal p l a t i n g indus- Toxic to p l a n t & algas high 
t r i a l and domestic concentrat ion i n water causes 
waste mining, mineral death 
leaching. 
Natural geological Prevents tooth decay a t 1mg/l, 
sources i n d u s t r i a l causes mottled t ee th and bone 
waste water addi t ive damage a t about 5 mg/l. 
Table 3 -contintJed 
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Elements Sources Effects and Signif icance 
Lead I n d u s t r y , mining 
plumbing, coal 
gaso l ine . 
Mercury Mining i n d u s t r i a l 
waste , p e s t i c i d e s 
Toxic, anaemia, kidney, 
disease nervous, d isorder , 
vald l i f e destroyed 
Highly tox ic methyl mercury 
compounds are more tox ic than 
elements 
Zinc 
Manganese 
I n d u s t r i a l waste 
metal p l a t i n g 
plumbing 
Mining i n d u s t r i a l 
waste . Acid mine 
drainage 
Toxito p l a n t s a t h igher l eve l 
Toxic to p l a n t s a t higher level 
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Many Toxic Chemicals and other type of industr ial 
discharge, indus t r ia l efflu§nd in lakes, ocean, r iver , 
which without any treatment causes water pollution and 
th i s a l l because of tanneries^ electroplat ing, industry, 
tex t i le industry and also because of dyeing, bleaching and 
printing processes, paper and pulp industry, induced heavy 
metals in lake, besides th i s cement, f e r t i l i z e r s and other 
industries discharges t he i r waste without any treatment 
which causes severe problems to the human being. The quality 
of drinking water i s of v i t a l concern for mankind. Since i t 
i s directly related to human welfare. The toxic contiminants 
of water are usually heavy metals, phenols and other toxic 
substances. At present the menane of water born diseases and 
epidemics s t i l l loom large on the horizon of developing country. 
Table shows objectionable components of industrial v/aste 
water their effect and typical sources. The water taste and 
odour i s affected by the presence of inorganic and organic 
substances such as benzines an i l ines and phenol(105). 
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Table-4 Objectionable Ck)mponents of i n d u s t r i a l waste water, 
t h e i r e f f ec t s and t y p i c a l sources. 
Component grovp 
1. Bioxidizables 
2. Primary Txi-
cants AS,CN, 
Cr,Cd,Cu,F,Hg, 
Pb,Zn 
3. Acids & Alkal-
i e s 
Effects Source 
Deoxygenation,anaerobic 
condit ion, f i s h p i l l s 
s t i n k s . 
Ca t t l e po i son ing , f i s h 
k e l l a , p lankton k i l l s 
Desruption of PH 
Belffer system 
Large amount of 
soluble carbohydrate, 
sugarrej ining canning, 
pulping & paper making, 
Metal cleaning, p l a t i ng 
p icke ing , tanning, 
Re f i ni r i e s, batte r y 
making. 
Coal-mine drainage, 
s t e e l p ickl ing 
t e x t i l e s 
4. Dis infactants 
H2O2, CI 
Select ive k i l l s of 
microorganism, t a s t e 
and odoiirs 
Bleaching of paper, 
t e x t i l e Resin synthesis 
dye & chemical 
manufacture. 
5. Tonic forms 
Fe,Ca,Mg,Mn,Cl 
6. Oxidizing & Re-
dducing agents 
7. Evident to 
Sight & Small 
Hardness, S ta in ing 
Sa l i n i t y of water 
Attered chemical 
balances 
Foaming, f l o a t i n g & 
s e t t l e a b l e s o l i d s 
s t i n k s , amaerobic 
bottom d e p o s i t e s , o i l 
f a t s and grease . 
Metalurgy, cement 
making, ceremies. 
Gas & coke making 
f e r t i l i z e r p l an t s , 
explosive manufacture, 
Resining and synthet ic 
f i s h a r making 
Detergent waste, 
Tanning food & meat 
processing beat sugar 
m i l l s woolen mi l l s . 
Pou l t ry dressing. 
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Basical ly the cont ro l of po l lu t i on i s accoinplished 
by prevention and con t ro l . Control and reduction of po l lu -
t a n t s from t h e i r sources i s necessary. Various method in 
ana ly t i ca l chemistry are being appl ied to monitor the extent 
of -pollution and for t h i s purpose. F i r s t the recogni t ion of 
p o l l u t a n t s ^sampling and t h e i r es t imat ion are ca r r i ed out to 
evaluate the l e v e l s of contaminants present . Ion-exchange 
has resolved the most d i f f i c u l t problem in chemical analysis 
i . e . separat ion of t yp i ca l component having a s imi la r enough 
proper ty . This method occupied the firm pos i t i on i n con t ro l l ing 
the p o l l u t i o n var ious t ox i c elements can be removed using the 
process of Ion exchange. F lou r in s and n i t ro benzene removed 
from u r ine . Ion exchanger can separate the micro(<1 mg quan-
t i t y ) as well as the macro(>1 gm quan t i ty ) . 
The removal of Hg, Pb using the ion exchanger discussed 
by Koertus(l07)Powlowski(108) e t a l have used the ion exchange 
method for p i i r i f i ca t ion of waste water from the manufacture of 
n i t rogen compound. Zinc i s removed from p ick l ing l i quo r by 
metal separat ing ion exchange p rocess in which the ZnCl^ i s 
sorked as ZnCl^ e l a t ed with water and converted to zinc sulphate 
by l i q u i d ion exchange e x t r a c t i o n and e lu t ion by H^SO, (108). 
For the removal of miircury Calman(109) has rev ewed the process 
of ion exchange. Ambrus(110) descr ibe the control of po l lu t ion 
for low leve l p o l l u t a n t s i n water such as Pb, Cu, Ni, Cd, Zn 
using ion exchange method. Ion exchange method cur ren t ly 
employed to the determination of Cd, Zn, Cu, Tl, 3e, Co, Mn, Mo, 
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V, U and Th i n na tu ra l v/ater. Inc luding drinking v/ater, 
r i v e r water, sea water, has been successful ly achieved. The 
technique i s based on ion exchange enrichment of the metals 
as t h e i r anionic complexes(111) . Se lec t ive ion exchangers 
Lewatite o.c .1019, 1034 are foxind idea l for the immobilization 
of heavy metals ion i n so i l (ZrOp , Cu , Pb ) . 
Ion exchange chromatography has played an imporxant 
ro le in the i s o l a t i o n and i d e n t i f i c a t i o n for the concentration 
of the most important metals and of the nev; transuranium 
element(112-117) and has even been used for the enrichment of 
isotopes(118) J amino acids(119) , alcohols(120)^ , Carbonyl 
c6inpound(l21 ) . As organic r e s i n s are by f a r the most i coor tan t 
ion exchangers, i t s a p p l i c a b i l i t y include the co l lec t ion of 
selenium(IV)Cl22) PPb l eve l of alximinium(l23). Preconcentration 
of cobal t . 
Ion exchange have been used with success i n food 
indus t ry . The ion process ing of wine i s commenly prac t i sed by 
la rge manufacturer i n the U.S.A. I t was worth recording t h a t 
the use of s t rong ac id cat ion exchange r e s i n s i n the H"*" form 
and one in Na form may produce a wine, low i n potassium v/hile 
removing calcium responsible fo r i n s t a b i l i t y and at the same 
time from copper and o ther \andesirable metals are conveniently 
reduced. 
The use of weak acid ca t ion r e s i n s for the reincval of 
permanent hardness a l k a l i n i t y i s p r a c t i s e d by the drev/in^ 
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Indus t ry (dea lka l i s a t ion ) for the production of feed water 
su i tab le f o r " l i g h t beers" b i t t e r and longer . The production 
of sweetness high l i g h t s the v e r s a t i l i t y of ion exchange i n 
the processing of food. 
In recent year ion exchange method have applied i n 
various f i e l d s such as ion exchange treatment of sea water(124). 
In water dera ineral iza t ion( 125-126) t r a c e s metal in drinking 
water(l27) i n environmental analys is( 128). Desal inart ion of 
water(i29)» Removal of heavy metals from r i v e r water(130) 
determination of Ca*^ and Mg'*"^(l3l). CI & N^ determination in 
water(i32)» for the production of water used i n pharmaceutical 
purposes( l33) , t rea tment of waste water containing Kg 
for separa t ion of heavy metals on che la t ing r e s i r ( l 3 5 ) . I n 
separat ion preconcent ra t ion of Cr(VI) from Cr( I I I ) ( l36) for 
the chromatography of biopolymer(137) • Separation of Amino 
acid(138) & Phenol compound(139). In c l i n i c a l & pharmaceutical 
process(140) e x t r a c t i o n of uranium(l4l ) . 
There are var ious methods fo r ana lys i s of t race metal 
ions , these are* 
l ) . Ion Exchange Resin impregnated papers . 
2 ) . Ion exchange r e s i n beads. 
The r e s i n loaded papers suffer from the problem of 
unequal d i s t r i b u t i o n of the metal ions v/ithin the paper. 
Membrane subjected low capaci ty and very long equilibrium. 
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Recently, Weetall e t al^ '^  repor ted the imnxsbilization of 
an 8-hydroxyquinolene chelate on cont ro l led pore g l a s s . 
Hercules reported the use of an immobilized d i t h i o c a r -
bamate f o r t r a c e metal ana lys i s . 
C144) In t h i s connection Brajter^ recommended exchange 
method vdth h ighly se lec t ive r e s i n s . These che la t ing r e s in s 
prepared by the immobilization of che la t ing agents on various 
A very e f f i c i e n t system i s provided by immobilization 
of the sulphonic acid der iva t ive of an aromatic complexing 
(-^iS ^U7) agent on an anion exchange resin^ > '-^w^ 
Pr sen t work i s based on the p r o p e r t i e s of and appl ica t ion 
of such a r e s i n . Amberlite IRA-400(C1~) modified vdth 
eriochrome black-T for the de tec t ion and separat ion of metal 
i ons . Erichrome black-T, chemically sodium-1(1-hydrozy-2 
napthylazo) 6-n i t ro-2-napthol~4-sul fonate . The anion has the 
fo rmula r i e s ) . 
S t ruc ture of Eriochrome black-T 
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CHAPTER - II 
DETECTION OF SEPARATION OF METAL IONS 
ON ANION EXCHANGE RESIN SORBED WITH 
CHELATING AGENTS 
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INTRODUCTION 
Ion-Exchange res in beads have been successfu l ly 
enroloyed i n de tec t ion and separa t ion of metal ions and 
organic substance. Spot t e s t i s an elegant r a p i d and 
sens i t i ve technique of ana lys i s and needs inexpensive 
equipments(1,2) . 
Aromatic conplexing agents(3) containing sulphonic 
acid gixjips have already shovra ana ly t i c a l conqpetence and 
are p a r t i c u l a r l y useful fo r the separat ion of metal ions 
on anion exchange resin(4-9)» These conpounds d i sp lay a 
high a f f i n i t y for anion exchangers and as a consequence of 
t h e i r s t r u c t u r e when re ta ined on the exchange r e s i n t r a n s -
form i n t o a s e l ec t i ve exchanger. The s e l e c t i v i t y of the 
species depend vtpon the charac te r of the funeutional group 
of the l i gand incorporated with the r e s in . Resins modified 
with sulphonic ac id grou?) have been studied( 10-13). 
The p re sen t woric was xmdertaken as an e f f o r t to 
develop modified exchange r e s i n s by incorpora t ing d i f f e ren t 
type of che la t ing agents and to explore t h e i r p o t e n t i a l i t y 
for the sepa ra t ions and i d e n t i f i c a t i o n of substances. 
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EXPERB^ ENTAL 
Detection and Separation of Metal Ions on Anion Exchange 
Resin Sorbed With Chelating Agents. 
Reagents -
Amberlite Resin IRA-AOO and Sodium hydroxide, Potassium 
ferrocyanide, Potassium th iocyanate . Ammonia so lu t ion , Sodium 
a c e t a t e . Acetic ac id , Formic ac id from BEH were used. EDTA 
(S. D.fine chem), (1-(2-Pyridylazo) 2 -nap tho l ) , Al izar in Red-S, 
Eriochrome Black-T and other reagent were of A. R. grade. 
Apparatus -
Baxisch and Lomh spectronic-20 spectophotometer and Elico 
pH meter model LI-10T. 
Reagent Solut ion -
A 0.1 M so lu t ion of HCl, NaOH, Potassium ferrocyanide, 
Potassium thiocyanate and 0,01 M of EDTA were prepared in 
demineralized water. A% so lu t ion of EBT Pan and Alizar in 
Red-S were prepared i n absolute e thanol . 0.01M aqueous 
so lu t ion of metal ions were used i n a l l cases . 
Prepara t ion of modified form of r e s i n -
The r e s i n was converted to d i f f e r e n t forms by t r ea t i ng 
with reagent so lu t ions of i n t e r e s t for 24 ho-urs with i n t e r a i -
t t e n t shaking a t room temperature. The supernatant l iqu id vas 
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removed and the r e s i n was washed several t imes with deminera-
l i z e d water x m t i l l the excess reagent i s con5)letely removed. 
The r e s i n beads were f i n a l l y dr ied i n an oven a t 60° C. 
Procediare For Detection -
A few beads of ion-exchange r e s i n were placed on a spot 
p l a t e . One drop of metal ion so lu t ion was then added and 
throughly mixed with the t i p of a g la s s rod. 0.1 M NaOH or 
0.1 M NH^ OH o r 0 .1 M HCl or pH so lu t ion of 3.72, 4.45, 4.99, 
5. 37 were added and mixed well to provide the respect ive 
medium. The colour of the beads observed i n each case i s 
shown i n (Tables 5-10). 
Prepara t ion of EBT sorbed r e s in -
To o b t a i n the modified r e s i n , the amberl i te res in IRA-
400 (cl~) form was t r e a t e d with 100 ppm so lu t ion of EBT for 
24 hours a t pH-3. The res in was then washed several time with 
deminaralized water , u n t i l the s i p e m a t e n t l i q u i d free from 
excess i*eagent. The r e s in was dr ied i n an oven a t 60'C. 
All the s t ud i e s have been done using t h i s mater ia l . 
Determination of Adsorption Isotherm of EBT 
a t a f ixed •oH on Amberlite r e s i n IRA-400 -
Sorpt ion of EBT was studied under s t a t i c condition. 
0. 3 gm of amber l i t e r e s i n IRA-400 was t r e a t e d for 24 hrs . with 
20 ml of EBT so lu t ion of d i f fe ren t concentra t ion such as 20,40, 
A8 
60, 80, 100, 120 ppm a t constant pH-3 and a t room temperature. 
The equi l ibr ium concentrat ion of dye i n the so lu t ion was 
determined spectophotometr ical ly a t 530 nm. The r e s u l t s are 
shown i n F igu re -3 . 
The Sorption of EBT on Amberlite Resin IRA-AOO 
as a funeution of pH -
0 . 3 gm of amberl i te r e s i n IRA-AOO was shaken with 20 ml 
of 100 ppm EBT so lu t ion for s i x hours . The pH was adjusted 
e i t h e r by adding 0.1M HNO, or 0.1M NaOH so lu t ion . The e q u i l i -
brium concent ra t ion of EBT was then determined spectrophoto-
me t r i c a l l y a t 530 nm. The r e s u l t s are given i n figure—4. 
Study of Metal Ion Retention as a fxmction of pH -
A cons tan t anwunt of modified r e s in 0. 3 gm was leaded 
with AO ml s o l u t i o n of metal ion i n demineralized water. The 
derived pH was ad;}usted e i t h e r by adding 0.1M HNO, or 0.1M 
NaOH so lu t ion . The mixture was equ i l i b r a t ed fo r 24 hours. The 
metal ion concent ra t ion was then determined by t i t r a t i n g i t 
with a s tandard so lu t ion of EDTA, 
The r e s u l t s are p l o t t e d i n ( f igure 5 and 6) . 
Determination of Dis t r ibu t ion Ck?efficient 
of Metal Ions -
0 .4 gm of modified amberl i te r e s in loaded with AO ml 
of metal ion so lu t ion . The mixture was shaken i n t e r m i t t a n t l y 
while kept fo r 24 hours. The amount of ca t ion before and a f t e r 
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the eqiiilibrivnn was determined t i t r i me t r i e a l l y using 0.01 M 
EDTA so lu t ion . 
Kd va lues were ca lcula ted according to the formula, 
Amount of metal ion/gm. exchange mater ia l 
Kd - • 
Amount of metal ion/ml of so lu t ion 
where I s tands fo r i n i t i a l volxame of EDTA consumed by the 
o r i g i n a l s o l u t i o n of metal ion i . e . before equil ibrium. 
And F s tands for the volxame of EDTA consumed by the so lu t ion 
a f t e r equi l ib r ium. 
I - F 
Kd = ' ' X 100 
F 
The r e s u l t s of Kd values are summarized i n (Table-11) 
(Figure 7 and 8) p resen t a v a r i a t i o n of l o g Kd valiies of 
d i f fe ren t metal ions as a function of formic acid concentrat ion. 
Quant i t a t ive Separat ion of Metal Ions -
For separa t ion e lu t ion techniques was used. 2 ml 
mixture of metal ions solut ion was added to 1.5 gm of modified 
r e s i n i n a column of diameter 0 .6 cm(i. d . ) . I t was then allowed 
to pass through the column with a flow r a t e of 8-10 drops/miautB. 
The e l u t i o n of metal ions vvas done with appropr ia te e lu t ing 
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reagent in the ustial manner keeping the constant flow rate 
18-20 drops/minute throughout the process. The eluted metal 
ion was then determined t i t r i me t r i e a l l y using a standard 
EDTA solution (Table-12). The elut ion ciarves for different 
sets of separation are presented in (figure 9 and 10). 
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RESULTS AND DISCUSSION 
Amberlite r e s i n IRA-AOO modified with d i f f e ren t 
chela t ing agents shows remarkable behaviour towards metal 
ions (Table 5-10). Among the var ious che la t ing agents 
t r i e d , eriochrome black-T appears to be most promising for 
the separation as well a s for de tec t ion of metal ions . Fe -^  
can be i den t i f i ed s p e c i f i c a l l y i n the presence of other metals 
and t h e i r mixture Al"^^, Cr*^^, Pb"*'^ , Zn*^, Cd*^, Sr"*"^  and Mg"^ ^ 
using res in beads modified with EBT, Hg '- gives in tense red 
colour and therefore can be i d e n t i f i e d i n the presence of Ag"*" 
i n soditm hydroxide and ammonical medium. Dis t inc t ion between 
ra re ear ths and o ther metal ions can a lso be made i n ammonia 
medium (Table-5). 
Fe(CN)g form of r e s i n has the advantage fo r d i s t i nc t i on 
+2 
of Hg even when i t i s contaminated with a number of metal 
ions e.g. Ag^ Ni*2, co*^, 2n*2, Mn+2, Mg+2^ Ba^^^ Sr*2, Ca*2 
and Pb'*" .^ Fe*^ has been i d e n t i f i e d i n the presence of Cr*^ 
and Al*^ and Ho"^ ^ from Y"^ ,^ Yb*^, Gd*^, Dy"*"^ , Pr"^^ and Er*^ 
(Table-6) . 
Fe"*"^  gives mariced change i n coloiir i n the (SCN") forn 
of r e s in beads and can be i d e n t i f i e d s p e c i f i c a l l y i n a synthet ic 
and natioral sample containing Ni*^^ Co"''2, Zn"^ ^^  Cr"*"-^ , Al"^^, 
Pb*2, Mn+2, Ag*2, Cd*2, Ca"'2, Ba-*-2, Sr-*'2 and Hg*2 ^^ neutral 
ac id ic and ammonical medium. S imi la r ly Co"*"2 can be iden t i f ied 
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i n the ammonium and acidic medium from other metals . Specific 
de tec t ion of Ho"^ ^ can be made when i t i s contaminated with 
o the r r a r e e a r t h s , Pr""^, Er"*"^ , Yh"" ,^ Y"" ,^ Dy"" ,^ Gd"^^(Table-7). 
The heads modified with Al iza r in red-S r e f l e c t s many 
p o s s i b i l i t i e s for the se lec t ive detec t ion of metal ions i n the 
presence of o t h e r s . Thus Al* ' can be i d e n t i f i e d from Fe"^ -^  and 
Cr*^ and Hg^^ from Ni"*"^ , Zn"^, Co*^, Mn*^, Ca"'^, Pb-'^, Ba*^, 
Sr"*"^ , Mg"^ ,^ Cd"*"^  and Cu"^ ^ and Ho"^ ^ can be s e l e c t i v e l y d i s t i n -
guished i n the presence of Pr"^^, Er*^, Y"^ ,^ Yb*^ and Gd"^ ^ 
(Table-8) . 
As apparent from Table-9» anion exchange r e s i n incor^ 
pora ted with (1-(2-Pyridyla2o)-2-napthol) o f f e r s many p o s s i b i -
l i t i e s fo r the i d e n t i f i c a t i o n of d i f fe ren t combination of 
metal ions . Thus Fe has been i d e n t i f i e d i n the presence of 
Al*^ and Cr . Furthermore Mn* can be dis t ingt i i shed from Co"*""" 
and from Hg*^ and Pb"^^. Also Cd"^ ^ from Ba*^, Sr"^^ and Ca"*"^  
i n a l l the medium studied. 
The r e s i n beads modified with Cu(II) Pan, Table-10 show 
pecu l i a r behaviour for Ho -^ and Y •^ . Thus i t i s poss ib le to 
d i s t i ngu i sh Ho i n the presence of o ther r a r e e a r t h s . Sulfonic 
acid grov^) has g rea t a f f i n i t y for anion exchange r e s in . 
Aromatic complexing agent with sulfonic acid groi?> are very 
useful for the separat ion of metal ions on s t rongly basic 
anion exchange r e s in . Amberlite r e s in IflA-400 sorbed with 
eriochrome black-T behaves in i t s own p e c u l i a r manner, the 
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s\Jlfonlc grov?) of the dye formed complex with d i f f e r en t 
metal ions . 
Fig. 3 sho';/s the adsorption isotherm of EST on 
amberli te r e s i n IRA-AOO a t a constant pH-3. I t has been 
found t h a t maxirnvm uptake of EBT i s 5x10~^ mole/gm. Fig. 4 
shows the r e t e n t i o n behaviour of EBT on the r e s i n as a 
function of pH. The optimum pH for the maximum sorpt ion of 
EBT has been found to be 3. 
The sorp t ion behaviour of metal ions on EBT form of 
r e s i n as a funct ion of pH revea ls many i n t e r e s t i n g featxores. 
In case of Cu"^ ,^ Sr*^, Ca*^ and Ba*^ ions t he r e t e n t i o n 
inc reases with the increase i n pH (Fig. 5-6). But Al"*"^ , Fe*^, 
Cr"^^, Ni"^^, 00*^^, Hg*^ Cd*^ and Pb*^ show the reverse trend. 
+2 I t has been found tha t among var ious metal i on s tudied Hg 
i s most s t rongly re ta ined by the exchanger i n pH-2 medium. 
The d i s t r i b u t i o n Coeff ic ients of metal ions i n d i f ferent 
concentra t ions of formic acid such as 1K, 2M, 3M, 5M show some 
i n t e r e s t i n g r e su l t s (Tab le -11 , f i g . 7 , 8 ) . D i s t r i b u t i o n Coeffi-
c i e n t of metal ions such as Cd*^, Ni"^^, Mn"*"^ , Co"*"^ , Fe"^^, Al"^ ^ 
+2 
and Hg decreases as the concentrat ion of formic acid i nc re -
ases . On the o the r hand reverse t rend has been observed for 
Mg*^ Zn-^^ Sr-^2^ Ca*2, Ba*^ Pb*2, cu*2 ^ ^ ^ ^ ^ 3 , 
In demineralized water, Hg '^ have shown the highest 
d i s t r ib i r t ion Coefficient among the var ious metal ion studied. 
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On the b a s i s of difference i n Kd values nvanber of 
important and d i f f i c u l t separat ions have been ac tua l ly 
a-^hieved on the coloumn of modified r e s in using e lu t ion 
tochniques. The r e s u l t s are given Table-12 and Fig .9 ,10 . 
+2 +3 
As we are aware t h a t heavy metals l i k e Hg , Al , 
Cr"*"^ ! Fe"*"^ , Pb*^ and Cd*^ are toxic in na tu re , they are 
usual ly discharged by human a c t i v i t y in the a i r and water 
and causes chronic po l lu t ion . Number of heavy metals 
discharged by i n d u s t r i e s and domestic wastes in to the 
drinking water o r nati iral water sources and causes severe 
diseases to mankind. So pub l i c hea l th ana lys t are required 
to monitor and to separate t r a c e metals i n drinking water 
s t p p l i e s . By using the separa t ion techniques one can sep-
ara te these t o x i c heavy metals from water to provide potable 
water. Though the normal da i l y intake of from drinking 
water may not appear harmful, the human body has the capacity 
to concentrate some of these metals to a po in t v^ere i t may 
cause " long term" tox ic e f f ec t . These separa t ion has the 
u t i l i t y fo r the removal of tox ic metals > ^ c h are usual ly 
contaminated with i n d u s t r i a l and domestic wastes e.g. Hg*^, 
Pb*2, A l * ^ F e * ^ Cr-^^ and Cd^ ^^ ^ 
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Table 5 - Amberlite r e s in IRA-^0 inodified to EBT form. 
Colour of the r e s in beads(Cl~) - Yellow 
Colour of the r e s in beads(EBT) - Green 
Colour of the r e s in beads on 
adding HaOH solut ion - Brc vn 
Colour of the r e s in beads on 
adding NH, solut ion - Light green 
S.No. 
1. 
2. 
3 . 
4 . 
5. 
6. 
7 . 
8 . 
9. 
10. 
1 1 . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
2 1 . 
Metal 
I o n 
Ni-^2 
Co*2 
Mn*2 
Hg*2 
Zn^2 
Ba+2 
Sr-^2 
Hg*2 
Ca*2 
Fe*^ 
Al*5 
Cr*5 
Pb*2 
Ag-^ 
Pr-'^ 
Er*^ 
Ho*5 
Y+3 
yb*5 
Cki"'^  
cy*^ 
Colour o f the 
bead i n Neutral 
medium 
Bro-wn 
Red 
Brown 
Red 
Pink 
Green 
Green 
Green 
Green 
Red 
Green 
Green 
Green 
L i g h t 
Pink 
Pink 
Red 
Red 
Red 
Red 
Red 
green 
Colour o f 
beads i n ] 
medium 
Green 
Red 
Brown 
Red 
Green 
— 
-
-
Bz^wn 
Brown 
Green 
t h e 
?JaOH 
Dark g r e e n 
Brown 
Green 
— 
— 
— 
-
-
-
** 
Colour of the 
beads i n ammonia 
medium 
Green 
Red 
Brown 
Green 
Brown 
Red 
Green 
Green 
Brown 
Brown 
Green 
Daric green 
Brown 
Green 
Red 
Red 
Green 
Red 
Red 
Red 
Red 
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Table 6- Amberlite r e s i n IRA-400 modified to Fe(CNg) form. 
Colour of the r e s in beads (Cl~) - Yellow 
Colour of the r e s in beads Fe(CN)g~- Yellow 
S.No. Metal Ion Colom- of the Beads 
1. 
2. 
3. 
k. 
5. 
6. 
7 . 
8. 
9 . 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 . 
Ag^ 
Ni-^2 
Co*2 
Zn*2 
Hg^2 
Mn*2 
Mg*2 
Ba*2 
Sr^2 
Ca*2 
Fe*5 
Cr*5 
Al*5 
Pb*2 
Er*^ 
Pr*5 
Y-3 
Yb*^ 
Dy*^ 
Ho*^ 
Gd*^ 
Dark Yellow 
Yellow 
Yellow 
Yellow 
Green 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Green 
Yellow 
Yellow 
Yellow 
Light green 
Green 
Light green 
Green 
Green 
Yellow 
Green 
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Table 7 - Amberlite r e s in IRA-AOO modified t o (SCN~) form. 
Colour of the r e s in beads(Cl") form - Yellow 
Colour of the r e s in beads(SCN~)form - Yellow 
21. 
S.No. Metal Ion Neutral 
Medium 
+2 1. 
2. 
3. 
4. 
5. 
6. 
7 . 
8 . 
9 . 
10. 
11 . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
N i ' " 
Co*2 
Cr*5 
Fe*5 
Al -5 
Pb*2 
Mn*2 
Ag* 
Zn^2 
Cu*2 
Cd*2 
Ca^2 
Ba*2 
Sr*2 
Hg*2 
Pr-'^ 
Er*5 
Ho-^5 
Y*3 
Yb*5 
Gd^ 
Yellow 
Yellow 
Yellow 
Brown 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Dark 
yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Orange 
Light 
orange 
Yellow 
Light 
orange 
Light 
orange 
Light 
orange 
Ammonia med. HCl medium 
Yellow 
Green 
Yellow 
Brown 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Dark'yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Orange 
Li^t orange 
Yellow 
Light orange 
Li^t orange 
Light orange 
Yellow 
Green 
Yellow 
Birown 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Dar^ yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Yellow 
Orange 
Light orange 
Yellow 
Light orange 
L i ^ t orange 
Light orange 
. - # 
Table 8 - Amber l i t e r e s i n IRA--400 modif ied to sodium s a l t 
of 1,2 d i h y d r o x y a n t h r a q u i n o n e - 3 - s u l f o n i c a c i d 
( A l i z a r i n Redr-S) form. 
Colour of t h e r e s i n beads(Cl ) - Yellow 
Colour of t h e r e s i n A l i z a r i n Red-S- Black 
S.No. Metal I o n Coloxor of t h e beads 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8 . 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 . 
22. 
Ni*2 
Co*2 
Cr*5 
Fe-^5 
Zn*2 
Mn*2 
Ca^2 
Pb-^2 
Ba*2-
Sr*2 
Mg-^ 2 
Al*3 
Hg*2 
Cd*2 
Cu*2 
Pr*3 
Er*3 
Y*3 
yb-^5 
Gd''^ 
Dy"-^  
Ho*5 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
KLack 
Black 
Black 
Black 
Bro-wn 
Red 
Black 
Black 
Orange 
Orange 
Orange 
Orange 
Orange 
Orange 
Black 
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Table 9 - Amberlite resin IRA-AGO modified to 
(1-( 2-Pyridylazo)-2-napthol) form. 
Colour of the res in beads (C3.~) - Yellow 
Colour of tho ros in beadsCPan fora)-Orsjige 
s. 
No. 
1. 
2 . 
3 . 
4 . 
5. 
6 . 
7 . 
8 . 
9 . 
10 . 
1 1 . 
12. 
13 . 
14 . 
15 . 
16. 
17. 
18 . 
19. 
20 . 
2 1 . 
Meta l I o n 
Ni*2 
Co^2 
Fe*5 
Cr*5 
Al*^ 
Pb-^2 
Mn*2 
Ag* 
Zn*2 
Ba-^2 
Sr*2 
Ca*2 
Cd*2 
Hg*2 
Cu*2 
P r * ^ 
Er*^ 
Ho*5 
Y+3 
Yb*5 
, 1 
Gd*5 
p K - 3 . 7 2 
Red 
B l a c k 
Brown 
O r a n g e 
Orange 
O r a n g e 
O r a n g e 
L i ^ t 
o r a n g e 
Red 
Dark Red 
Dark , , 
Dai4c Red 
Red 
O r a n g e 
Red 
Orange 
Orange 
O r a n g e 
Orange 
Orange 
Orange 
p H - 4 . 4 5 
Red 
B l a c k 
Brown 
Orange 
Orange 
Orange 
Orange 
L i g h t 
o r a n g e 
Red 
D a i ^ Red 
Dark Red 
D a i ^ Red 
Red 
Orange 
Red 
Orange 
Orange 
Orange 
Orange 
Orange 
Orange 
pH- 4 . 9 9 
Red 
B lack 
Brown 
Orange 
Orange 
Orange 
Orange 
L i g h t 
o r a n g e 
Red 
Dark Red 
Dark Red 
Dark Red 
Red 
Orange 
Red 
Orange 
Orange 
Orange 
Orange 
Orange 
Orange 
pH - 5 . 37 
Red 
B lack 
Brown 
Orange 
Orange 
Orange 
L i g j i t Red 
L i ^ t Orange 
Red 
Dark Red 
Dark Red 
Dark Red 
Red 
Orange 
Red 
Orange 
Orange 
Orange 
Orange 
Orange 
Orange 
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Table 10 - Amberlite resin IRA-^ 400 modified to Cu(II) 
Pan form. 
Colour of the resin beads (d"") - Yellow 
Colour of the resin beads(Cu(II)Pan- Red 
s. 
No. 
1. 
2. 
3. 
4 . 
5. 
6. 
7 . 
8 . 
9 . 
10. 
1 1 . 
12. 
13. 
1A. 
15. 
16. 
17. 
18. 
19. 
20. 
2 1 . 
Metal I on 
Ni*2 
Co*2 
Fe*5 
Cr*5 
A1^5 
Pb*2 
Mn^2, 
Ag* 
Zn*2 
Ba*2 
Sr*2 
Ca*2 
Cd*2 
Hg*2 
Cu^2 
Pr*5 
Er^^ 
Ho*5 
Y+3 
Yb*5 
Gd*5 
pH- 3.72 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Dark r ed 
Dark Red 
Red 
Red 
Red 
Red 
p H - i 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Dark 
Dark 
Red 
Red 
Red 
Red 
k.k5 
Red 
Red 
pH- 4.99 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Dark 
Dark 
Red 
Dark 
Dark 
Dark 
Red 
Red 
Red 
Red 
Red 
pH- 5.37 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Red 
Dark Red 
Dark Red 
Red 
Red 
Red 
Red 
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Table 11 - Distribution Coefficient of Metal Ion In 
Different concentration of formic acid. 
M e t a l 
Mg*2 
Zn*2 
C<1*2 
S r « 
Ca*2 
Ba*2 
Pb*2 
Mn*2 
Ni*2 
Co*2 
C r * ' 
F e * ' 
Al*5 
Cu*2 
Hg*2 
Ion EMW 
8.69 
1^.2 
6 . 5 
10.0 
3.8 
17.14 
51.78 
3 .75 
11.11 
100.0 
22.9 
31.57 
34.61 
46 .15 
775 .0 
I n d i f f e r e n t c o n c e n t r a t i o n OJ 
1M HCOOH 
4.16 
16.66 
30.88 
15.78 
74.07 
70 .14 
183.0 
315.0 
31.5 
57.8 
34.09 
212.5 
377.0 
104.74 
404.8 
2M HCOOH 
8.69 
33 .33 
23.61 
51.72 
147. 36 
130.8 
254.0 
38 .33 
19.0 
15.38 
34.09 
150.0 
208.0 
97 .9 
191.66 
3M HCOOH 
13.6 
37 .93 
17.10 
151.42 
213.33 
145.0 
431.0 
22 .05 
16.2 
7 . 1 4 
^ . 4 7 
138.0 
34 .6 
9 3 . 8 
138.6 
C Formic a c i d 
5M HCOOH 
25.0 
48.14 
10.11 
230.82 
422.0 
200.0 
608.0 
16.32 
13.6 
1.35 
47 .5 
127.2 
19 .3 
90 .0 
101.92 
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Table 12 - Some Binary Separations Achieved on The Amberlite 
Resin, IRA-AOO modified with EBT. 
s. 
No. 
1. 
2. 
3. 
A. 
5. 
Separation 
Achieved 
Cd*2 
Hg*2 
Bb*2 
Hg*2 
Fe*5 
Hg*2 
Cr*5 
Hg*2 
Al*3 
Hg*2 
Amount 
loaded-
mg 
11.9706 
10.5309 
17.A03 
10.530 
5.58A 
10.530 
3.067 
10.530 
2.8329 
10.530 
Amount 
found-
mg 
11.91A4 
10.5309 
17.A03 
10.470 
5.567 
10.430 
3.041 
10. 510 
2.8329 
10.530 
Percent 
recovery 
99.5% 
100.0% 
100% 
99.4% 
99.7% 
99.0% 
99.1% 
99.8% 
100.0% 
100.0% 
Volume 
o f 
Effluent 
40 
120 
20 
120 
20 
120 
15 
120 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
25 ml 
120 ml 
Eluent 
used 
EMW 
2M-HC1 
EMW 
2M-HC1 
mw 
2M-HC1 
EMW 
^ - H C l 
EMW 
2M-HC1 
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